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postpartum
Abstract
Background: Experiments and large-scale epidemiological studies indicate the importance of green space for
mental health. However, little research has been conducted to elucidate whether these mental health benefits
are more dependent upon the quantity or quality of the green space. Methods: Symptoms of psychological
distress were measured in 3897 women who did not change neighbourhood up to 15 years postpartum using
the Kessler 6 psychological distress scale from 2004 onwards. The percentage land-use of the neighbourhood
was used to ascertain a measure of green space quantity. A Likert scale was used to measure green space
quality in response to the statement "there are good parks, playgrounds and play spaces in this
neighbourhood." Multilevel negative binomial growth curve regression models were used to examine the
patterning of symptoms of psychological distress across the postpartum period in relation to green space
quantity and quality, adjusting for person-level and geographical markers of confounding. The same variables
were also fitted in multilevel logistic regressions to examine the odds of reporting serious mental illness (as
defined by K6 scores ≥ 13 out of 24). Results: Symptoms of psychological distress were fewer among women
who agreed (rate ratio (RR) 0.95, 95%CI 0.91 to 0.98) and strongly agreed (RR 0.89, 95%CI 0.85 to 0.93)
local parks were good quality. The odds of reporting serious mental illness were also lower among women who
agreed (odds ratio (OR) 0.88, 95%CI 0.77 to 1.00) and strongly agreed (OR 0.74, 95%CI 0.64 to 0.86) local
parks were good quality. No association was found between green space quantity and symptoms of
psychological distress or the odds of reporting serious mental illness. Conclusions: This study suggests it may
be how mothers perceive green space nearby and what those spaces enable them to do, rather than simply how
much there is overall, that is important for promoting mental health in the postpartum period. In conclusion,
community consultation is likely to be a crucial part of strategies that maximise the health benefits of urban
greening for everyone.
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Abstract
Background: Experiments and large-scale epidemiological studies indicate the importance of green space for
mental health. However, little research has been conducted to elucidate whether these mental health benefits are
more dependent upon the quantity or quality of the green space.
Methods: Symptoms of psychological distress were measured in 3897 women who did not change neighbourhood
up to 15 years postpartum using the Kessler 6 psychological distress scale from 2004 onwards. The percentage land-
use of the neighbourhood was used to ascertain a measure of green space quantity. A Likert scale was used to
measure green space quality in response to the statement “there are good parks, playgrounds and play spaces in this
neighbourhood.” Multilevel negative binomial growth curve regression models were used to examine the patterning
of symptoms of psychological distress across the postpartum period in relation to green space quantity and quality,
adjusting for person-level and geographical markers of confounding. The same variables were also fitted in multilevel
logistic regressions to examine the odds of reporting serious mental illness (as defined by K6 scores ≥ 13 out of 24).
Results: Symptoms of psychological distress were fewer among women who agreed (rate ratio (RR) 0.95, 95%CI 0.91
to 0.98) and strongly agreed (RR 0.89, 95%CI 0.85 to 0.93) local parks were good quality. The odds of reporting serious
mental illness were also lower among women who agreed (odds ratio (OR) 0.88, 95%CI 0.77 to 1.00) and strongly
agreed (OR 0.74, 95%CI 0.64 to 0.86) local parks were good quality. No association was found between green space
quantity and symptoms of psychological distress or the odds of reporting serious mental illness.
Conclusions: This study suggests it may be how mothers perceive green space nearby and what those spaces enable
them to do, rather than simply how much there is overall, that is important for promoting mental health in
the postpartum period. In conclusion, community consultation is likely to be a crucial part of strategies that
maximise the health benefits of urban greening for everyone.
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Background
Urban greening and restoration of green space is widely
believed to promote mental health through a range of
pathways. This is supported by evidence from experi-
ments and large-scale observational studies [1–4] which
suggest contact with green spaces (e.g. parks) provides
effortless restoration and opportunities for stress reduc-
tion. This includes a range of studies suggesting views of
nature promote memory recall [5], relaxed wakefulness
[6], altered cerebral blood flow and brain activation pat-
terns consistent with relaxation [7, 8]. Studies have sug-
gested that physical (and probably also social) recreation
in environments containing green space also reduces the
risk of minor psychiatric morbidity [9, 10] and facilitates
an enhanced sense of self and connectedness with nature
[11]. This in turn stimulates forward-looking, pro-social
thinking and reductions in future discounting associated
with depression and negative health behaviours [12].
Other pathways may include natural soundscapes that
enhance stress reduction and cognitive restoration [13],
phytochemicals that might have benefits for immune
and central nervous systems [14], higher levels of nega-
tive ions [15] that may have value for the treatment of
depression [16] and increased exposure to lactic acid
bacteria and microbial genera which are ubiquitous in
the natural environment and could influence depression,
fatigue, and cognition [17].
Reviewing many of the epidemiological studies con-
ducted so far on adults in Australia [9, 18, 19], New
Zealand [20], the UK [21–24], the US [25, 26], the
Netherlands [27–29] and Denmark [30] reveals that
the majority of evidence is based upon cross-sectional
data and supports interventions that focus on increas-
ing the quantity of residential green space. This con-
clusion is also supported by recent systematic reviews
of research on adults and children [31, 32]. This is
important to help set guidelines on how much green
space is needed to promote mental health, given that
opportunities for coming into contact with nature
worldwide are becoming rarer as parks within cities
and around the urban fringe are redeveloped into
new housing, commercial premises and other forms
of built environment. Within this context, however,
even maintaining a certain quantity of green space
may be very challenging and might ultimately take a
lower priority in comparison to other needs. Evidence
is required on not just how much green space is
needed, but also what green space is fit for purpose.
‘Fit for purpose’ is a concept that pushes beyond quan-
tity to notions of quality, which given its policy relevance
is a surprisingly far less researched issue in epidemio-
logical studies of green space and health. In fact, only
three studies have examined the potential mental health
benefit of quality green space in adult samples. One
study in Perth (Australia) found lower odds of psycho-
logical distress among participants living near moderate
to high quality green spaces, but no association with
green space quantity [19]. A study of four cities in the
Netherlands found evidence of mental health benefits of
both green space quantity and quality, but with the
strongest evidence for high quality greenery [29]. A third
study in Santiago (Chile) reported better mental health
among people living in areas where there were more
green spaces viewed as appropriately maintained [33].
Each of these studies was reliant upon cross-sectional
data and could not examine how green space quantity
and quality might matter as people age, which is import-
ant as many studies have already shown that mental
health varies across the lifecourse (e.g. [21]).
Accordingly, our aim was to answer the question ‘is
green space quantity or quality more important for men-
tal health?’ using a longitudinal study. We focussed upon
adult women who were followed-up biennially from 0-1y
up to 15y postpartum. The purpose of focussing upon
women postpartum was to recognise an under-re-
searched yet very large population subgroup within
which depression is common and a significant cause of
morbidity and mortality [34, 35]. For example, recent
work suggested that 14.5% of women experienced symp-
toms of depression at 4 years postpartum, higher than at
any point in the first 12 months following childbirth
[36]. It may also be that green space quality matters
more than quantity during this sensitive period of the
lifecourse, given the needs of the mother and that it
remains common for them to be responsible for the
majority of childrearing activities. For example, it is
plausible that for mothers of infants a small but high
quality green space nearby that affords opportunities for
outdoor relaxation and socialising within a short walk of
home has greater restorative potential than a large
amount of green space viewed as poor quality. With evi-
dence from prior studies suggesting that there can be a
discrepancy between subjective and objective distance to
the nearest green space (e.g. [37]), it may be that nearby
green spaces that are perceived to be low in quality may
offer very little restorative benefit. As such, this sample
was considered to provide an important test of whether
a focus on green space quantity is sufficient, or if green
space quality also matters for protecting mothers’ mental
health in the postpartum period.
Methods
Data on mothers in the postpartum period was obtained
from Australia’s definitive birth cohort, the Longitudinal
Study of Australian Children (LSAC). Permission to ob-
tain and analyse the LSAC was granted through a formal
application to The Department of Social Services of the
Australian Government (the data custodian). The LSAC
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began in 2004 and involved biennial follow-up of
approximately 10,000 children and at least one parent
each. The majority of the parents who participated were
mothers [38]. Sampling for the LSAC originated with the
Australian Government’s provider of universal healthcare
listing all permanent residents and citizens (‘Medicare’) in
a two-stage clustered design. Representativeness of the
sample across urban, regional and rural communities was
obtained via sampling of postcodes stratified by state and
territory and by capital city statistical division compared
with the rest of the state in 2004. Recruitment and con-
sent for participation was obtained via letters posted to
parents who were randomly selected from the sample
postcodes. The rate of recruitment was 50.4%, with 37.5%
opting out and 15.2% being uncontactable. Data collection
via face-to-face interviews had response rates > 90% at
baseline and approximately 80% thereafter. Further infor-
mation on the LSAC sampling and variables is available in
a published data user guide [39].
This study used an accelerated cohort design [40] that
made use of data on all mothers irrespective of whether
their child had been classified as part of the (a) ‘baby co-
hort’, which was aged 0-1y at baseline, or the (b) ‘kinder-
garten’ cohort, aged 4-5y at baseline. Mother and child
were tracked biennially for up to 4 more waves after
baseline. We restricted the sample to only those mothers
who did not change neighbourhood during this period,
leaving 4259 (42.2%) participants in the sample from both
cohorts. Further omission of participants who were not
mothers and/or did not have a response on the K6 meas-
ure brought the final sample to 3897 women. By survey
wave this was as follows: 2004 (n = 3526); 2006 (n = 3429);
2008 (n = 3191); 2010 (n = 3469); 2012 (n = 3425); and
(2014 (n = 3367).
Mental health
Symptoms of psychological distress were measured using
the Kessler 6 Psychological Distress Scale (K6) in each
Table 1 Sample counts and percentage reporting serious mental
illness, as defined by scores ≥ 13 out of 24 on the Kessler 6
Psychological Distress Scale, across sample characteristics
N % K6≥ 13 Chi2 (p-value)
Total 20,407 12.4
Green space quantity
< 5% 4204 11.7
6–10% 3292 11.9
11–20% 5671 13.7
21–40% 4987 12.9
> 41% 2253 10.3 22.2 (< 0.001)
Parks good quality
Do not agree 3726 16.0
Agree 9626 12.8
Strongly Agree 6548 9.7
No response 507 13.4 89.2 (< 0.001)
Years since childbirth
0-1y 1658 14.2
2-3y 1623 8.8
4-5y 3362 15.4
6-7y 3440 11.0
8-9y 3312 11.7
10-11y 3436 12.1
12-13y 1810 12.6
14-15y 1766 12.9 60.4 (< 0.001)
Age group
17 to 29 1004 16.4
30 to 34 3198 13.8
35 to 39 6007 12.3
40 to 44 6084 12.0
45 to 63 4114 11.2 26.9 (< 0.001)
Indigenous status
No 20,108 12.3
Yes 290 18.6
No response 9 33.3 14.1 (0.001)
Highest educational qualification
Postgraduate 3357 10.5
Undergraduate 12,172 12.7
Year 11 to 13 3172 11.4
≤ Year 10 1693 16.1
Other 13 23.1 38.3 (< 0.001)
Economic status
employed 14,994 10.4
economically inactive 4979 17.5
unemployed 419 23.6
no response 15 13.3 224.2 (< 0.001)
Table 1 Sample counts and percentage reporting serious mental
illness, as defined by scores ≥ 13 out of 24 on the Kessler 6
Psychological Distress Scale, across sample characteristics
(Continued)
N % K6≥ 13 Chi2 (p-value)
Area disadvantage
affluent 6786 10.3
average 6745 12.4
deprived 6876 14.5 54.3 (< 0.001)
Geographic remoteness
major cities 13,165 12.9
inner regional 4331 11.1
outer regional or remote 2911 12.2 9.9 (0.007)
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Table 2 Multilevel negative binomial regression models of symptoms of psychological distress in association with green space
quantity and quality among women in the postpartum period
Green space quantity Green space quality
Model 1 Model 2 Model 3 Model 4
Fixed part Rate Ratio (95% Confidence Interval)
Age (mean centred) 0.99 (0.98, 0.99) 0.99 (0.98, 0.99) 0.99 (0.98, 0.99) 0.99 (0.98, 0.99)
Age square (mean centred) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00)
Indigenous status (No)
Yes 1.30 (1.06, 1.59) 1.30 (1.06, 1.59) 1.30 (1.06, 1.59) 1.30 (1.06, 1.59)
Highest qualification (ref: Postgraduate)
Undergraduate 1.01 (0.95, 1.07) 1.01 (0.95, 1.07) 1.01 (0.95, 1.07) 1.01 (0.95, 1.07)
Year 11 to 13 0.94 (0.87, 1.01) 0.93 (0.86, 1.01) 0.93 (0.86, 1.01) 0.93 (0.86, 1.01)
≤ Year 10 1.02 (0.93, 1.12) 1.02 (0.93, 1.12) 1.02 (0.93, 1.11) 1.02 (0.93, 1.12)
Other 1.34 (0.63, 2.84) 1.34 (0.63, 2.84) 1.39 (0.65, 2.95) 1.39 (0.66, 2.96)
Economic status (ref: Employed)
Economically inactive 1.11 (1.07, 1.14) 1.11 (1.07, 1.15) 1.11 (1.07, 1.14) 1.11 (1.07, 1.14)
Unemployed 1.10 (1.02, 1.19) 1.10 (1.02, 1.19) 1.10 (1.01, 1.19) 1.10 (1.01, 1.19)
Area disadvantage (ref: affluent)
Average 1.04 (1.00, 1.09) 1.04 (1.00, 1.09) 1.03 (0.99, 1.08) 1.03 (0.99, 1.08)
Disadvantaged 1.08 (1.03, 1.13) 1.08 (1.03, 1.13) 1.06 (1.01, 1.11) 1.06 (1.01, 1.11)
Remoteness (ref: Major Cities)
Inner regional 0.91 (0.85, 0.98) 0.91 (0.85, 0.98) 0.89 (0.83, 0.96) 0.89 (0.83, 0.96)
Outer regional or remote 0.94 (0.87, 1.03) 0.94 (0.87, 1.03) 0.93 (0.85, 1.01) 0.93 (0.85, 1.01)
Years since childbirth (mean centred) 1.00 (0.99, 1.01) 1.00 (0.98, 1.01) 0.99 (0.98, 1.01) 1.00 (0.98, 1.01)
Years since childbirth2 (mean centred) 1.00 (1.00, 1.00) 1.00 (1.00, 1.01) 1.00 (1.00, 1.00) 1.00 (1.00, 1.01)
Green space quantity (ref: ≤ 5%)
6–10% 0.99 (0.90, 1.09) 0.98 (0.89, 1.09)
11–20% 1.07 (0.99, 1.16) 1.07 (0.98, 1.17)
21–40% 1.04 (0.96, 1.13) 1.06 (0.97, 1.16)
≥ 41% 0.99 (0.89, 1.09) 1.03 (0.92, 1.15)
Parks good quality (ref: Do not agree)
Agree 0.95 (0.91, 0.98) 0.94 (0.90, 0.98)
Strongly Agree 0.89 (0.85, 0.93) 0.88 (0.84, 0.93)
Years since childbirth × Green space quantity
Years × 6–10% 0.99 (0.97, 1.01)
Years × 11–20% 1.00 (0.98, 1.01)
Years × 21–40% 1.01 (0.99, 1.03)
Years ×≥ 41% 1.00 (0.98, 1.02)
Years since childbirth2 × Green space quantity
Years2 × 6–10% 1.00 (0.99, 1.01)
Years2 × 11–20% 1.00 (0.99, 1.01)
Years2 × 21–40% 1.00 (0.99, 1.00)
Years2 ×≥ 41% 0.99 (0.98, 1.00)
Years since childbirth ×Parks good quality
Years × Agree 1.00 (0.99, 1.02)
Years × Strongly agree 0.99 (0.97, 1.01)
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wave [41, 42]. The K6 is a short form screening instru-
ment for non-specific psychological distress based upon
responses to six questions as follows: “During the last 30
days, how often did: (1) you feel nervous?; (2) you feel
hopeless?; (3) you feel restless or fidgety?; (4) you feel so
depressed that nothing could cheer you up?; (5) you feel
that everything was an effort?; and (6) you feel worth-
less?” Responses were rated as 0 = “none of the time”, 1
= “a little of the time”, 2 = “some of the time”, 3 = “most
of the time” and 4 = “all of the time”. In the current
study, the sum of all six responses was used as the out-
come variable, in order to examine incremental changes
that may occur across the postpartum period. The score
was scaled with a base value of 0, ranging up to 24.
Assessment of the odds of serious mental illness was
defined using scores of 13 or greater out of 24 [43].
Green space measures
Different sources of data were used to measure green
space quantity and quality. The quantity of green
space was measured according to the percentage of
the land-use of the ‘Statistical Area 2’ of residence
covered in ‘parkland’ according to the Australian
Bureau of Statistics (ABS). This land-use category did
not include agricultural land. Data on green space
was extracted from the ABS’s 2006 meshblock classifi-
cation and aggregated to the Statistical Area 2 unit,
which was designed by the ABS with populations of
10,000 on average (ranging from 3000 to 25,000) and
to represent local communities and functional areas
that contain commercial and transport hubs in areas
outside of cities [44]. Mother’s self-reports were used
to identify the availability of good quality green space
nearby. This involved reclassifying Likert scale
responses to the statement: “there are good parks,
playgrounds and play spaces in this neighbourhood”
into ‘did not agree’, ‘agreed’ and ‘strongly agreed’. In
specifying whether a mother felt good parks and simi-
lar spaces were available nearby, this focussed on
quality and avoided simply detecting whether any
green space was proximal. This is an important caveat
as some previous work with a different dataset in
Australia has reported lower odds of psychological
distress among people living nearby higher quality
green space, but no association between psychological
distress and the quantity of green space per se [19].
Confounding
Socioeconomic and geographical factors play an import-
ant role in determining mental health [45] and also likely
influence access to more and better quality green space
[46–48]. In this study, mother’s economic status and her
highest educational qualification were taken into
account. Economic status includes whether a mother
was employed, unemployed, not working and not look-
ing for a job (‘economically inactive’) or other categories,
such as a student. Aboriginal and Torres Strait Islander
status was also taken into account as women of these
ethnic groups are known to disproportionately greater
levels of socioeconomic disadvantage [49]. The geo-
graphic context where each woman lived was expressed
in two different ways. First, the Accessibility/Remoteness
Index of Australia was used to differentiate between
mothers living in major cities, inner regional, outer
regional, remote and very remote communities [50]. Sec-
ond, strata of area-level socioeconomic circumstances
were incorporated using the Socio Economic Index For
Areas (SEIFA) relative index of social disadvantage [51],
which is a composite measure of census-based indicators
including local income, educational attainment and em-
ployment rates.
Statistical analysis
The percentage of the sample at high risk of psycho-
logical distress were described across the postpartum
period and in relation to other sample characteristics.
Multivariate analysis was then conducted using multi-
level negative binomial regression models in MLwIN
V3.00 [52]. Each model explicitly took into account vari-
ation in symptoms of psychological distress across three
levels: (1) person-year observations (i.e. time); (2) per-
son; (3) neighbourhood (Statistical Area 2). Negative
Table 2 Multilevel negative binomial regression models of symptoms of psychological distress in association with green space
quantity and quality among women in the postpartum period (Continued)
Green space quantity Green space quality
Model 1 Model 2 Model 3 Model 4
Years since childbirth2 × Parks good quality
Years2 × Agree 1.00 (0.99, 1.01)
Years2 × Strongly agree 1.00 (0.99, 1.01)
Random part
Level 3: Statistical Area 2 0.004 (0.006) 0.004 (0.006) 0.004 (0.006) 0.004 (0.006)
Level 2: Person 0.558 (0.016) 0.559 (0.016) 0.557 (0.016) 0.557 (0.016)
Level 1: Observation (N = 20,407) | Level 2: Person (N = 3897) | Level 3: Statistical Area 3 (N = 859)
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Table 3 Multilevel logistic regression models of the odds of serious mental illness in association with green space quantity and
quality among women in the postpartum period
Green space quantity Green space quality
Model 5 Model 6 Model 7 Model 8
Fixed part Odds Ratio (95% Confidence Interval)
Age (mean centred) 0.98 (0.97, 0.99) 0.98 (0.97, 0.99) 0.98 (0.97, 0.99) 0.98 (0.97, 0.99)
Age square (mean centred) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00) 1.00 (1.00, 1.00)
Indigenous status (No)
Yes 1.55 (0.96, 2.50) 1.55 (0.96, 2.51) 1.58 (0.98, 2.55) 1.58 (0.98, 2.56)
Highest qualification (ref: Postgraduate)
Undergraduate 1.11 (0.93, 1.32) 1.11 (0.93, 1.32) 1.10 (0.92, 1.31) 1.10 (0.92, 1.30)
Year 11 to 13 0.92 (0.73, 1.15) 0.91 (0.73, 1.14) 0.91 (0.73, 1.14) 0.91 (0.73, 1.14)
≤ Year 10 1.26 (0.97, 1.63) 1.26 (0.97, 1.63) 1.23 (0.95, 1.59) 1.23 (0.95, 1.59)
Other 1.92 (0.28, 13.23) 1.91 (0.28, 13.06) 2.10 (0.31, 14.14) 2.10 (0.31, 14.10)
Economic status (ref: Employed)
Economically inactive 1.47 (1.31, 1.65) 1.47 (1.31, 1.66) 1.47 (1.31, 1.66) 1.47 (1.31, 1.65)
Unemployed 1.68 (1.27, 2.22) 1.68 (1.27, 2.23) 1.68 (1.27, 2.22) 1.67 (1.26, 2.22)
Area disadvantage (ref: affluent)
Average 1.23 (1.07, 1.42) 1.24 (1.07, 1.42) 1.19 (1.04, 1.37) 1.19 (1.03, 1.37)
Disadvantaged 1.47 (1.25, 1.72) 1.47 (1.25, 1.72) 1.37 (1.17, 1.60) 1.36 (1.16, 1.60)
Remoteness (ref: Major Cities)
Inner regional 0.75 (0.63, 0.89) 0.75 (0.63, 0.89) 0.71 (0.59, 0.84) 0.71 (0.59, 0.84)
Outer regional or remote 0.79 (0.64, 0.97) 0.79 (0.64, 0.97) 0.76 (0.62, 0.93) 0.76 (0.62, 0.93)
Years since childbirth (mean centred) 1.03 (0.99, 1.07) 1.03 (0.97, 1.09) 1.02 (0.99, 1.06) 1.02 (0.97, 1.08)
Years since childbirth2 (mean centred) 1.00 (0.99, 1.01) 1.01 (0.99, 1.03) 1.00 (0.99, 1.01) 1.00 (0.98, 1.02)
Green space quantity (ref: ≤ 5%)
6–10% 1.01 (0.81, 1.27) 0.94 (0.72, 1.22)
11–20% 1.24 (1.02, 1.51) 1.25 (1.00, 1.57)
21–40% 1.16 (0.95, 1.42) 1.22 (0.97, 1.55)
≥ 41% 0.89 (0.69, 1.14) 1.04 (0.78, 1.39)
Parks good quality (ref: Do not agree)
Agree 0.88 (0.77, 1.00) 0.86 (0.73, 1.02)
Strongly Agree 0.74 (0.64, 0.86) 0.71 (0.59, 0.87)
Years since childbirth×Green space quantity
Years × 6–10% 0.99 (0.92, 1.07)
Years × 11–20% 1.00 (0.93, 1.07)
Years × 21–40% 1.03 (0.97, 1.11)
Years x ≥ 41% 0.97 (0.88, 1.06)
Years since childbirth2 × Green space quantity
Years2 × 6–10% 1.02 (0.99, 1.05)
Years2 × 11–20% 1.00 (0.97, 1.03)
Years2 × 21–40% 0.99 (0.96, 1.02)
Years2 ×≥ 41% 0.96 (0.92, 1.00)
Years since childbirth × Parks good quality
Years × Agree 1.00 (0.95, 1.06)
Years × Strongly agree 1.00 (0.94, 1.07)
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binomial regressions were used to assess symptoms of
psychological distress, to account for over-dispersed
integer counts. Parameter estimates were expressed as
rate ratios (RR). Separate models were used to examine
association between symptoms of psychological distress
with measures of green space quantity and quality, be-
fore and after adjusting for confounding. Mean-centred
linear and square terms of age were fitted to account for
potential non-linearities. A final set of models were fit-
ted with a two-way interaction term between the num-
ber of years postpartum (also mean-centred linear and
square terms to account for potential non-linearities)
and each of the green space measures, to investigate
whether mean associations with symptoms of psycho-
logical distress were consistent across the postpartum
period. All of these analyses were repeated using multi-
level logistic regression of the odds of serious mental
illness, with parameters expressed as odds ratios (OR).
Results
The overall sample of 3897 included 20,407 observa-
tions nested within 859 areas and a prevalence of ser-
ious mental illness (K6 ≥ 13) at 12.4%. Table 1
reports how this prevalence was distributed by each
of the sample characteristics using chi-square values.
The prevalence of serious mental illness appeared to
vary by only about 1.4% between mothers living in
areas with ≤ 5% green space compared with those
who had ≥ 41%. In contrast, compared to those who
felt that there were no good quality parks nearby
16.0% K6 ≥ 13, those who agreed (12.8%) or strongly
agreed (9.7%) that there were good parks nearby had
a lower prevalence of serious mental illness. Some
variation in the prevalence of serious mental illness
was observed with respect to years since childbirth.
Lower prevalence was noted with age, higher educa-
tional qualifications, among those who were
employed, and living in more affluent areas. Higher
prevalence was observed among mothers who identi-
fied as Aboriginal or Torres Strait Islander, economic-
ally inactive or unemployed. There appeared to be
little variation in the prevalence of serious mental ill-
ness with respect to geographic remoteness.
In adjusted multilevel negative binomial regressions
there was no convincing evidence of an average effect of
green space quantity on symptoms of psychological dis-
tress, nor of an interaction between green space quantity
and the number of years since childbirth (Table 2,
Models 1 and 2). Substituting the measure of green
space quantity for that of green space quality yielded dif-
ferent results. Mothers who agreed (OR 0.95, 95%CI
0.91 to 0.98) or strongly agreed (OR 0.89, 95%CI 0.85 to
0.93) that local parks were of good quality had fewer
symptoms of psychological distress than their counter-
parts who disagreed (Table 2, Model 3). There was no
evidence that this association varied with respect to the
number of years since childbirth (Table 2, Model 4).
These patterns with respect to green space quantity and
quality were also observed when switching from symp-
toms of psychological distress to the odds of serious
mental illness as the study outcome (Table 3, Models 5
to 8). The non-significant trajectories in both outcomes
for all of the final models featuring two-way interaction
terms between the number of years since childbirth and
each of the green space measures are illustrated in Fig. 1.
Discussion
The key finding from this longitudinal study is that
green space quality, but not quantity, is associated with
fewer symptoms of psychological distress and lower odds
of serious mental illness among women up to 15 years
postpartum. The second key finding was that the poten-
tial effect of green space quality and non-effect of green
space quantity on mental health appeared to be relatively
consistent across this period of time in the women’s
lives. To our knowledge, this is only the fourth study to
have examined associations between mental health and
measures of green space quantity and quality. It is the
first to do so longitudinally. It is also the first study to
investigate for evidence of mental health benefits of
green space among women in postpartum, a period that
can pose significant psychological challenges. Most of
Table 3 Multilevel logistic regression models of the odds of serious mental illness in association with green space quantity and
quality among women in the postpartum period (Continued)
Green space quantity Green space quality
Model 5 Model 6 Model 7 Model 8
Years since childbirth2 × Parks good quality
Years2 × Agree 1.00 (0.98, 1.03)
Years2 × Strongly agree 1.01 (0.98, 1.04)
Random part
Level 3: Statistical Area 2 0.005 (0.032) 0.004 (0.032) 0.009 (0.032) 0.009 (0.032)
Level 2: Person 2.195 (0.096) 2.199 (0.096) 2.184 (0.096) 2.181 (0.096)
Level 1: Observation (N = 20,407) | Level 2: Person (N = 3897) | Level 3: Statistical Area 3 (N = 859)
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the research on green space and health in or around
this important lifecourse stage focusses upon birth
outcomes such as birthweight [53]. Just two studies
have been published on green space and symptoms of
psychological distress in pregnant women, each focus-
sing on quantity-based measures and finding mixed
results [54, 55]. This study therefore highlights and
begins to address an important gap in understandings
of green space and maternal health.
The findings from this study align relatively closely
with another set in a different area of Australia on a gen-
eral population sample, which also found evidence of a
mental health benefit from proximity to quality green
space, but not the availability of green space per se [19].
Fig. 1 Median Kessler 6 Psychological Distress Scale and predicted median serious mental illness among women in the postpartum period by the
number of years since childbirth, in relation to green space (a) quantity and (b) quality, predicted from multilevel negative binomial and logistic
regression models adjusted for confounding
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The results of both Australian studies contrast with evi-
dence from the Netherlands where both measures of
quantity and quality seemed to matter [29]. A sample
size of four studies prohibits any definitive conclusions,
though it may be that similarities between the Australian
studies and contrasts with the Dutch findings reflect the
potential for international variation in the relationship
between green space quantity, quality and mental health,
as well as geographical differences in how people value
and interact with green spaces of varying quality.
Geographical differences may be indicative of a range of
aspects including cultural, socioeconomic and historical
factors, variations in urban form, and climatic and topo-
graphical influences. There is also potentially important
variation in the availability of green spaces within and
between countries that intersect with other components
of the built and natural environment (e.g. green walls,
linear parks along river corridors) that may play a role,
but were not specifically measured in our study. Given
these possibilities, generalisations with regards to green
space quality and mental health, or other health out-
comes, to other countries should be only with the
utmost caution. To advance the field of enquiry, there is
a need for research specifically designed to examine the
issue of green space quality in different countries simul-
taneously, not only to describe likely variations with
mental health and other relevant outcomes, but also to
learn about success stories in urban greening and green
space restoration strategies, in order to identify what ele-
ments could be transferable across national boundaries
and to promote population health in other contexts.
The results of this study with respect to green
space quantity were unexpected, given the multiple
pathways by which green space quantity may influ-
ence mental health. Green space quality has been
found to be more important than green space quan-
tity in another study of mental health with different
data in Australia [19]. However, other studies have
found green space quantity to be relevant. For ex-
ample, one study used the same green space land-use
data (though not the same metric) to report lower
odds of psychological distress with more green space
in a sample of men and women aged 45 years and
older [9]. Unlike the aforementioned study, however,
the geographical unit of analysis in our sample was
the Statistical Area 2, which may be too large to
identify associations with symptoms of psychological
distress. It is plausible that the size of and distance to
the nearest green space is particularly important for
mothers due to well-known high levels of dependency
upon parents during childhood [56]. Our measure of
green space quantity may be an insufficient marker in
this respect. Although all mothers in the data
remained in the same location throughout the course
of the study period, it is possible that in some cases
the green space land-use (measured in 2006) could
have changed over that time.
It is important to acknowledge potential circularity in
the association between symptoms of psychological dis-
tress and self-reported green space quality. It is also
plausible that in some contexts there may be good qual-
ity playgrounds and play spaces that are not set within
some form of green space. Other features of the local
environment not examined in this study may also play a
confounding or modifying role, such as differences in
walkability and places other than green spaces that
mothers of young children may walk to, and potentially
come into contact with green space as part of their jour-
neys. Lastly, potentially mediating pathways linking
green space quality and mental health in the postpartum
period warrant dedicated investigation using longitudinal
data and causal mediation models [57].
Conclusions
If the results are interpreted as reflecting potentially causal
relationships, this longitudinal study has provided evi-
dence that green space quality matters for protecting
mental health among women in the postpartum period.
By contrast, the amount of green space nearby was not as-
sociated with fewer symptoms of psychological distress.
Although this study is not without limitations, it seems
reasonably clear from the findings of this study and just a
few others before it to have examined mental health in re-
lation to measures of green space quality, that efforts to
redesign and restore green spaces need to involve commu-
nity consultation in order to optimise the health benefits.
Further research on green space quality and mental health
generally and among women in the postpartum period is
warranted to better understand what aspects of green
space quality matter when, where and for whom.
Acknowledgements
This paper uses unit record data from Growing Up in Australia, the Longitudinal
Study of Australian Children. The study is conducted in partnership between the
Department of Social Services, the Australian Institute of Family Studies and the
Australian Bureau of Statistics. The findings and views reported in this paper are
those of the authors and should not be attributed to Department of Social
Services, Australian Institute of Family Studies, or the Australian Bureau of Statistics.
We also acknowledge the Australian Bureau of Statistics for use of the 2006 mesh
block data.
Funding
This project received funding from Hort Innovation Limited with co-investment
from the University of Wollongong (UOW) Faculty of Social Sciences, the UOW
Global Challenges initiative and the Australian Government (project number
#GC15005). Xiaoqi Feng’s contribution to this project was also supported by a
National Health and Medical Research Council Career Development Fellowship
(#1148792). Xiaoqi Feng and Thomas Astell-Burt are also supported by a
National Health and Medical Research Council project grant (#1101065).
Thomas Astell-Burt is supported by a National Health and Medical Research
Council Boosting Dementia Research Leader Fellowship (#1140317). The study
design, analysis, interpretation of the data, writing the report, and decision to
submit the report for publication are of the authors only.
Feng and Astell-Burt BMC Psychiatry          (2018) 18:348 Page 9 of 11
Availability of data and materials
The data analysed in this study is available only via a process of application
to the data custodian (The Department of Social Services of the Australian
Government).
Authors’ contributions
XF conceptualised the study, conducted the analyses, interpreted the results
and wrote the first draft of the paper. TAB helped to refine the study and
analytical design, interpreted the results and supported critical editing to
revised drafts of the manuscript. Both authors read and approved the final
manuscript.
Ethics approval and consent to participate
Ethics approval for this study was provided by the data custodian
(The Department of Social Services of the Australian Government) and
the University of Wollongong. The original consent procedure for the
study for the data examined in this study involved parental responses to
recruitment letters randomly selected from a sample of postcodes
(response = 50.4%).
Consent for publication
Not applicable.
Competing interests
The authors declare that they have no competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Population Wellbeing and Environment Research Lab (PowerLab), School of
Health and Society, Faculty of Social Sciences, University of Wollongong,
Wollongong, NSW, Australia. 2Menzies Centre for Health Policy, University of
Sydney, Sydney, NSW, Australia. 3Illawarra Health and Medical Research
Institute (IHMRI), University of Wollongong and Illawarra and Shoalhaven
Local Health District, Wollongong, NSW, Australia. 4School of Public Health,
Peking Union Medical College and the Chinese Academy of Medical
Sciences, Beijing, China.
Received: 20 April 2018 Accepted: 10 October 2018
References
1. Hartig T, Mitchell R, de Vries S, Frumkin H. Nature and health. Annu Rev
Public Health. 2014;35:207–28.
2. Kaplan S. The restorative benefits of nature: toward an integrative
framework. J Environ Psychol. 1995;15(3):169–82.
3. Bowler DE, Buyung-Ali LM, Knight TM, Pullin AS. A systematic review of
evidence for the added benefits to health of exposure to natural
environments. BMC Public Health. 2010;10:456.
4. Ohly H, Gentry S, Wigglesworth R, Bethel A, Lovell R, Garside R. A systematic
review of the health and well-being impacts of school gardening: synthesis
of quantitative and qualitative evidence. BMC Public Health. 2016;16(1):286.
5. Berto R, Baroni MR, Zainaghi A, Bettella S. An exploratory study of the effect
of high and low fascination environments on attentional fatigue. J Environ
Psychol. 2010;30(4):494–500.
6. Aspinall P, Mavros P, Coyne R, Roe J. The urban brain: analysing outdoor
physical activity with mobile EEG. Br J Sports Med. 2015;49(4):272–6.
7. Tsunetsugu Y, Miyazaki Y. Measurement of absolute hemoglobin
concentrations of prefrontal region by near-infrared time-resolved
spectroscopy: examples of experiments and prospects. J Physiol Anthropol
Appl Hum Sci. 2005;24(4):469–72.
8. Kim T-H, Jeong G-W, Baek H-S, Kim G-W, Sundaram T, Kang H-K, Lee S-W,
Kim H-J, Song J-K. Human brain activation in response to visual stimulation
with rural and urban scenery pictures: a functional magnetic resonance
imaging study. Sci Total Environ. 2010;408(12):2600–7.
9. Astell-Burt T, Feng X, Kolt GS. Mental health benefits of neighbourhood
green space are stronger among physically active adults in middle-to-older
age: evidence from 260,061 Australians. Prev Med. 2013;57(5):601–6.
10. Mitchell R. Is physical activity in natural environments better for mental
health than physical activity in other environments? Soc Sci Med. 2012;91:
130–4.
11. Cervinka R, Röderer K, Hefler E. Are nature lovers happy? On various
indicators of well-being and connectedness with nature. J Health Psychol.
2012;17(3):379–88.
12. van der Wal AJ, Schade HM, Krabbendam L, van Vugt M. Do natural
landscapes reduce future discounting in humans? Proc R Soc Lond B Biol
Sci. 2013;280(1773):20132295.
13. Saadatmand V, Rejeh N, Heravi-Karimooi M, Tadrisi SD, Zayeri F, Vaismoradi
M, Jasper M. Effect of nature-based sounds’ intervention on agitation,
anxiety, and stress in patients under mechanical ventilator support: a
randomised controlled trial. Int J Nurs Stud. 2013;50(7):895–904.
14. Li Q, Kobayashi M, Inagaki H, Hirata Y, Li Y, Hirata K, Shimizu T, Suzuki H,
Katsumata M, Wakayama Y. A day trip to a forest park increases human
natural killer activity and the expression of anti-cancer proteins in male
subjects. J Biol Regul Homeost Agents. 2009;24(2):157–65.
15. Wu C-F, Lai C-H, Chu H-J, Lin W-H. Evaluating and mapping of spatial air ion
quality patterns in a residential garden using a geostatistic method. Int J
Environ Res Public Health. 2011;8(6):2304–19.
16. Perez V, Alexander DD, Bailey WH. Air ions and mood outcomes: a review
and meta-analysis. BMC Psychiatry. 2013;13(1):29.
17. Rook GA. Regulation of the immune system by biodiversity from the natural
environment: an ecosystem service essential to health. Proc Natl Acad Sci.
2013;110(46):18360–7.
18. Sugiyama T, Leslie E, Giles-Corti B, Owen N. Associations of neighbourhood
greenness with physical and mental health: do walking, social coherence
and local social interaction explain the relationships? J Epidemiol
Community Health. 2008;62(5):e9.
19. Francis J, Wood LJ, Knuiman M, Giles-Corti B. Quality or quantity? Exploring
the relationship between public open space attributes and mental health in
Perth, Western Australia. Soc Sci Med. 2012;74(10):1570–7.
20. Nutsford D, Pearson A, Kingham S. An ecological study investigating the
association between access to urban green space and mental health. Public
Health. 2013;127(11):1005–11.
21. Astell-Burt T, Mitchell R, Hartig T. The association between green space and
mental health varies across the lifecourse. A longitudinal study. J Epidemiol
Community Health. 2014;68:578–83.
22. Alcock I, White MP, Wheeler BW, Fleming LE, Depledge MH. Longitudinal
effects on mental health of moving to greener and less green urban areas.
Environ Sci Technol. 2014;48(2):1247–55.
23. Thompson CW, Roe J, Aspinall P, Mitchell R, Clow A, Miller D. More green
space is linked to less stress in deprived communities: evidence from
salivary cortisol patterns. Landsc Urban Plan. 2012;105(3):221–9.
24. Roe JJ, Thompson CW, Aspinall PA, Brewer MJ, Duff EI, Miller D, Mitchell R,
Clow A. Green space and stress: evidence from cortisol measures in
deprived urban communities. Int J Environ Res Public Health. 2013;10(9):
4086–103.
25. Vemuri AW, Morgan Grove J, Wilson MA, Burch WR Jr. A tale of two scales:
evaluating the relationship among life satisfaction, social capital, income,
and the natural environment at individual and neighborhood levels in
metropolitan Baltimore. Environ Behav. 2011;43(1):3–25.
26. Beyer KM, Kaltenbach A, Szabo A, Bogar S, Nieto FJ, Malecki KM. Exposure to
neighborhood green space and mental health: evidence from the survey of
the health of Wisconsin. Int J Environ Res Public Health. 2014;11(3):3453–72.
27. Maas J, Verheij RA, de Vries S, Spreeuwenberg P, Schellevis FG,
Groenewegen PP. Morbidity is related to a green living environment. J
Epidemiol Community Health. 2009;63(12):967–73.
28. Van Den Berg AE, Maas J, Verheij RA, Groenewegen PP. Green space as a
buffer between stressful life events and health. Soc Sci Med. 2010;70(8):
1203–10.
29. van Dillen SM, de Vries S, Groenewegen PP, Spreeuwenberg P. Greenspace
in urban neighbourhoods and residents’ health: adding quality to quantity.
J Epidemiol Community Health. 2012;66(6):e8.
30. Stigsdotter UK, Ekholm O, Schipperijn J, Toftager M, Kamper-Jørgensen
F, Randrup TB. Health promoting outdoor environments-associations
between green space, and health, health-related quality of life and
stress based on a Danish national representative survey. Scand J Soc
Med. 2010;38(4):411–7.
31. Gascon M, Triguero-Mas M, Martínez D, Dadvand P, Forns J, Plasència A,
Nieuwenhuijsen MJ. Mental health benefits of long-term exposure to
Feng and Astell-Burt BMC Psychiatry          (2018) 18:348 Page 10 of 11
residential green and blue spaces: a systematic review. Int J Environ Res
Public Health. 2015;12(4):4354–79.
32. Houlden V, Weich S, de Albuquerque JP, Jarvis S, Rees K. The relationship
between greenspace and the mental wellbeing of adults: a systematic
review. PLoS One. 2018;13(9):e0203000.
33. Araya R, Montgomery A, Rojas G, Fritsch R, Solis J, Signorelli A, Lewis G.
Common mental disorders and the built environment in Santiago, Chile. Br
J Psychiatry. 2007;190(5):394–401.
34. Seyfried LS, Marcus S. Postpartum mood disorders. Int Rev Psychiatry. 2003;
15(3):231–42.
35. Depression P. Heterogeneity of postpartum depression: a latent class
analysis. Lancet Psychiatry. 2015;2(1):59–67.
36. Woolhouse H, Gartland D, Mensah F, Brown S. Maternal depression from
early pregnancy to 4 years postpartum in a prospective pregnancy cohort
study: implications for primary health care. BJOG. 2015;122(3):312–21.
37. Macintyre S, Macdonald L, Ellaway A. Lack of agreement between measured
and self-reported distance from public green parks in Glasgow, Scotland. Int
J Behav Nutr Phys Act. 2008;5(1):26.
38. Sanson A, Nicholson J, Ungerer J, Zubrick S, Wilson K. Introducing the
Longitudinal Study of Australian Children-LSAC Discussion Paper No 1. 2002.
39. Australian Institute of Family Studies. The Longitudinal Study of Australian
Children: An Australian Government initiative. Data User Guide. Australian
Government: Canberra; 2013.
40. Raudenbush SW, Chan WS. Growth curve analysis in accelerated longitudinal
designs. J Res Crime Delinq. 1992;29(4):387–411.
41. Furukawa TA, Kessler RC, Slade T, Andrews G. The performance of the K6
and K10 screening scales for psychological distress in the Australian
National Survey of mental health and well-being. Psychol Med. 2003;33(2):
357–62.
42. Kessler RC, Green JG, Gruber MJ, Sampson NA, Bromet E, Cuitan M,
Furukawa TA, Gureje O, Hinkov H, Hu CY. Screening for serious mental
illness in the general population with the K6 screening scale: results from
the WHO world mental health (WMH) survey initiative. Int J Methods
Psychiatr Res. 2010;19(S1):4–22.
43. National Comorbidity Study. K10 and K6 Scales. https://www.hcp.med.
harvard.edu/ncs/k6_scales.php. Accessed 22 Apr 2018.
44. Australian Statistical Geography Standard (ASGS). Volume 1 - Main Structure
and Greater Capital City Statistical Areas http://www.abs.gov.au/ausstats/
abs@.nsf/mf/1270.0.55.001. Accessed 01 Feb 2017.
45. Allen J, Balfour R, Bell R, Marmot M. Social determinants of mental health.
Int Rev Psychiatry. 2014;26(4):392–407.
46. Mavoa S, Koohsari MJ, Badland HM, Davern M, Feng X, Astell-Burt T, Giles-
Corti B. Area-level disparities of public open space: a geographic
information systems analysis in metropolitan Melbourne. Urban Policy Res.
2014:1–18. https://doi.org/10.1080/08111146.2014.974747.
47. Astell-Burt T, Feng X, Mavoa S, Badland HM, Giles-Corti B. Do low-income
neighbourhoods have the least green space? A cross-sectional study of
Australia’s most populous cities. BMC Public Health. 2014;14:292.
48. Crawford D, Timperio A, Giles-Corti B, Ball K, Hume C, Roberts R,
Andrianopoulos N, Salmon J. Do features of public open spaces vary
according to neighbourhood socio-economic status? Health Place. 2008;
14(4):889–93.
49. Marmot M. Social determinants and the health of indigenous Australians.
Med J Aust. 2011;194(10):512–3.
50. ARIA (Accessibility/Remoteness Index of Australia). https://www.adelaide.edu.
au/hugo-centre/spatial_data/aria/.
51. Pink B. Socio-economic indexes for areas (SEIFA). Canberra: Australian
Bureau of Statistics; 2011.
52. Rasbash J, Browne W, Goldstein H, Yang M, Plewis I, Healy M, Woodhouse
G, Draper D, Langford I, Lewis T. A user’s guide to MLwiN. 2000.
53. Banay RF, Bezold CP, James P, Hart JE, Laden F. Residential greenness:
current perspectives on its impact on maternal health and pregnancy
outcomes. Int J Women’s Health. 2017;9:133.
54. McEachan R, Prady S, Smith G, Fairley L, Cabieses B, Gidlow C, Wright J,
Dadvand P, Van Gent D, Nieuwenhuijsen M. The association between green
space and depressive symptoms in pregnant women: moderating roles of
socioeconomic status and physical activity. J Epidemiol Community Health.
2016;70(3):253–9. https://doi.org/10.1136/jech-2015-205954.
55. Nichani V, Dirks K, Burns B, Bird A, Grant C. Green space and depression
during pregnancy: results from the growing up in New Zealand study. Int J
Environ Res Public Health. 2017;14(9):1083.
56. Steinberg L, Silverberg SB. The vicissitudes of autonomy in early
adolescence. Child Dev. 1986;57(4):841–51.
57. VanderWeele TJ. Marginal structural models for the estimation of direct and
indirect effects. Epidemiology. 2009;20(1):18–26.
Feng and Astell-Burt BMC Psychiatry          (2018) 18:348 Page 11 of 11
